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SLIDE BEARING 



BACKGROUND OF THE INVENTION 



1. 



Field of the Invention 



[0001] 



The present invention relates to a slide bearing having 



high accuracy, excellent sliding characteristics and strength 
characteristics . 

2. Description of the Related Art 



Fe-Cu-based sintered metal materials have been known as slide 
bearings having high rotational accuracy. When the slide bearing 
is used after a bearing member made of a porous sinteredmetal material 
is impregnated with a lubricant (sintered oil-containing bearing) , 
the lubricant can be continuously supplied to a sliding portion 
between the bearing and a shaft member. The bearing member made 
of a sintered metal material can improve in processing accuracy 
and is suitable for use in a portion requiring rotational accuracy. 
[0003] Resin slide bearings manufactured by mixing a solid 
lubricant such as PTFE, graphite or molybdenum disulfide, 
lubricating oil or wax with a resin material are also known as slide 
bearings. * 

[0004] Further, slide bearings having a resin layer on a 
predetermined surface of a matrix made of a sintered metal material 
are also known (see JP 2002-364647 A (hereinafter referred to as 



[0002] 



Slide bearings made of Cu-based, Cu-Sn-based and 
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" Patent Document 1" ) , for example) . 

[0005] When a shaft member to be supported is made of a soft metal 
material such as aluminum alloy material, a slide bearing made of 
a sintered metal may damage the sliding surface of the shaft member. 
[0006] In the case of using a resin slide bearing, the above problem 
does not occur. However, since resin materials typically have a 
larger linear expansion coefficient and higher water absorptivity 
than metal materials, when the use temperature range of the resin 
slide bearing is wide, a backlash between the bearing and the shaft 
member due to the shrinkage of the resin material during use at 
a low temperature and the outer diameter of the bearing may increase 
due to the expansion of the resin material during use at a high 
temperature. When the outer diameter of the bearing is restricted 
by a housing or the like, the inner diameter of the bearing shrinks, 
thereby causing the so-called "clamping" of the bearing to the shaft 
member in some cases . Since the slide space between the shaft member 
and the slide bearing is changed by volume expansion caused by water 
absorption, it is difficult to use the slide bearing in fields that 
require rotational accuracy such as a field of office equipment. 
[0007] A slide bearing having a resin layer on a predetermined 
surface of a matrix made of a sintered metal material makes it possible 
to eliminate the above inconvenience. When using in the devices 
in which the outer peripheral surface of a matrix comes into contact 
with a mating member to roll or slide, such as cam followers, the 
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outer peripheral surface of the matrix tends to be damaged due to 
the insufficient strength of the matrix. 

SUMMARY OF THE INVENTION 
[0008] It is therefore an obj ect of the present invention to provide 
a slide bearing which has high dimensional accuracy and rotational 
accuracy, rarely attacks a shaft member made of a soft metal and 
is excellent in mechanical strength and durability. 
[0009] In order to achieve the above mentioned object, the present 
invention provides a slide bearing including a matrix made of a 
metal and a slide layer formed on a predetermined surface of the 
matrix and having a bearing surface which slides with a shaft member, 
in which the matrix has a contact surface which rolls or slides 
over a mating member and is made of an Fe-based sintered metal 
material . 

[0010] Since the matrix is made of an Fe-based sintered metal 
material, high dimensional accuracy and rotational accuracy can 
be obtained. In addition, since a slide layer formed on a 
predetermined surface of the matrix includes a relatively soft 
material such as a resin material or elastomer as a base material 
and slides with a shaft member on the bearing surface, even when 
the shaft member is made of a soft metal, the sliding surface of 
the shaft member is not damaged. Since the Fe-based sintered metal 
material has higher mechanical strength than a Cu-based or the like 
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sintered metal material, the contact surface of the matrix which 
rolls or slides over the mating member is hardly damaged, and high 
durability is obtained. 

[0011] The term x> Fe-based" as used herein means that the content 
of Fe is 90% or more in terms of weight. As far as this condition 
is satisfied, other component such as Cu, Sn, Zn or C may be contained . 
The term "Fe" includes stainless steel. 

[0012] The matrix made of an Fe-based sintered metal material 
can be formed by molding raw material metal powders having the above 
content of Fe (a small amount of a binder may be added as required 
to improve moldability and releasability ) into a predetermined form, 
degreasing the molded product, baking it to obtain a sintered member 
and carrying out a post-treatment such as sizing on the sintered 
body as required. There are a large number of pores in the inside 
of the matrix due to the porous structure of the sintered metal, 
and the surface of the matrix has a large number of surface openings 
formed with the inside pores open to the outside. In general, the 
matrix is cylindrical, the shaft member is inserted into the inner 
periphery of the cylindrical matrix, and the contact surface which 
rolls or slides over the mating member is formed on the outer periphery 
of the matrix. A lubricant or the like may be impregnated into the 
inside pores of the matrix by vacuum impregnation or the like. 
[0013] The slide layer is formed on the predetermined surface 
of the matrix and has a bearing surface which slides with the shaft 
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member. Particularly when a slide material composition forming the 
slide layer includes a resin as a base material, a molten resin 
composition forming the slide layer enters the pores inside the 
surface layer from the surface openings on the predetermined surface 
of the matrix to be solidified at the time of molding the slide 
layer. Thereby , the slide layer firmly adheres to the surface of 
the matrix by a kind of anchor effect, making it possible to suppress 
the peeling and falling of the slide layer caused by sliding with 
the shaft member and to thereby obtain high durability. 

[0014] The surface of the matrix, at least the predetermined 
surface where the slide layer is to be formed preferably has a surface 
opening ratio of 20 to 50%. When the surface opening ratio is lower 
than 20%, the above anchor effect for the slide layer is not 
sufficiently obtained and when the surface opening ratio is higher 
than 50%, the required dimensional accuracy and mechanical strength 
are not obtained. The term "surface opening ratio" means the ratio 
of the total area of surface openings per the unit area of the surface 

(area ratio) . The surface opening ratio may be the same on the entire 
surface of the matrix or may differ between the predetermined surface 
thereof on which the slide layer is to be formed and the other surface 
thereof . 

[0015] A product of { linear expansion coefficient Ccf 1 ) of slide 
material composition forming slide layer} and {thickness of slide 
layer (]im) } of the slide layer is preferably 0.15 or less, more 

5 



preferably 0.13 or less, much more preferably 0.10 or less. When 
the above value is larger than 0.15, the slide gap between the shaft 
member and the slide layer becomes relatively large due to the 
dimensional change of the slide layer caused by temperature 
variations and water absorption, thereby changing the torque or 
reducing the rotational accuracy. When a resin is used as a base 
material, the thickness of the slide layer which can be molded (resin 
layer) is about 50 \im. When the thickness of the slide layer is 
smaller than about 50 \im, molding becomes difficult. Therefore, 
the above value is preferably 0.003 or more, more preferably 0.01 
or more, much more preferably 0.015 or more. 

[0016] The sliding layer is formed, preferably of a synthetic 
resin, elastomer, or the like superior in a sliding property as 
a base material. The synthetic resin that can be used as the base 
material includes polyethylene resins such as low density 
polyethylene, high density polyethylene, and ultrahigh molecular 
weight polyethylene, a denatured polyethylene resin, a water 
crosslinking polyolefin resin, a polyamide resin, an aromatic 
polyamide resin, a polystyrene resin, a polypropylene resin, a 
silicone resin, a urethane resin, a polytetraf luoroethylene resin, 
a chlorotrif luoroethylene resin, a 

tetraf luoroethylene /hexaf luoropropylene copolymer resin, a 
tetraf luoroethylene /per fluoroalkyl vinyl ether copolymer resin, a 
vinyliden fluoride resin, an ethylene/tetraf luoroethylene 
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copolymer resin, a polyacetal resin, a polyethylene terephthalate 
resin, a polybutylene terephthalate resin, a polyphenylene ether 
resin, a polycarbonate resin, an aliphatic polyketone resin, a 
polyvinyl pyrolidone resin, a polyoxazoline resin, a polyphenylene 
sulfide resin, a polyethersalf one resin, a polyetherimide resin, 
a polyamideimide resin, a polyetheretherketone resin, a 
thermoplastic polyimide resin, a thermosetting polyimide resin, 
an epoxy resin, a phenol resin, an unsaturated polyester resin, 
and a vinyl ester resin. Further, a mixture of two or more materials 
selected from the above-descried synthetic resins, such as a polymer 
alloy, can also be used as the base material . Of those, a polyethylene 
resin has extremely excellent low-friction property, so it is 
suitable for the base material. In addition, a polyethylene resin 
containing a component having ultrahigh molecular weight is 
preferably used in further consideration of resistance to abrasion. 
[0017] The above slide layer may be formed like a film. In this 
case, resins which can dissolve or disperse in an organic catalyst 
may be advantageously used out of the exemplified synthetic resins. 
Initial condensates whose molecular weight is increased to a high 
molecular weight by a curing reaction at the time of forming a film 
may also be used. 

[0018] The base material described above can be blended with a 
lubricant such as a solid lubricant or lubricating oil to improve 
further lubricity. Examples of the solid lubricant out of the 
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lubricants that can be used include an amino acid compound, a 
polyoxybenzoyl polyester resin, a polybenzoimidazol resin, a liquid 
crystal resin, a pulp of an aramide resin, polytetraf luoroethylene, 
black lead, molybdenum disulfide, boron nitride, and tungsten 
disulfide. The lubricating oil, used typically, etc. can be used 
as the lubricant, and examples thereof include mineral oils such 
as a spindle oil, refrigerating machine oil, turbine oil, machine 
oil, and dynamo oil, hydrocarbon based-synthetic oils such as a 
polybutene oil, poly a olefin oil, alkyl naphthalene oil, and 
alicyclic compound oil, or non-hydrocarbon based-synthetic oils 
such as an ester oil of a natural fat and oil and polyol, phosphate 
oil, diester oil, polyglycol oil, silicone oil, polyphenylether 
oil, alkyldiphenylether oil, alkylbenzene oil, and fluoridated oil . 
Further, those lubricants may be impregnated inside the internal 
pores of the matrix to allow lubrication of the sliding portion 
by exuding the lubricant to the bearing surface through the sliding 
layer. 

[0019] Since the sliding state with the sliding mating member 
can be made boundary lubrication with lubricating oil when 
lubricating oil in particular is blended with the base material 
of the above slide layer, the friction can be further reduced as 
compared with a case where the above solid lubricant is blended. 

[0020] However, when only a lubricant is blended with the above 
base material, the following problem may occur. That is, at the 
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use of the slide layer made of a slide material composition blended 
with a lubricant such as lubricating oil, when a lubricant oil layer 
appears to the sliding surface as the slide layer is gradually worn 
down, the lubricating oil oozes out to the surface of the sliding 
portion- Since it is difficult to control the oozing-out of the 
lubricating oil, a stable supply of the lubricating oil to the sliding 
surface is difficult. After the lubricating oil oozes out, pores 
may cause a reduction in the strength of the slide layer. To cope 
with this, in the present invention, a lubricant is blended with 
the base material of the slide material composition for forming 
the slide layer and further a porous silica impregnated with a 
lubricant is blended with the base material. 

[0021] According to this constitution, a large number of 
advantages as follows can be obtained. (1) Excellent frication and 
wear characteristics can be stably provided since the lubricant 
can be continuously supplied to the sliding surface. (2) The amount 
of the lubricant contained in the slide material composition can 
be increased by blending the lubricant with the base material as 
far as moldability can be ensured, and further blending the porous 
silica impregnated with the lubricant (especially lubricating oil) . 
(3) Inconveniences such as the slippage of a screw at the time of 
injection molding, a long cycle time due to unstable metering, low 
dimensional accuracy and the poor finishing of the molded surface 
due to the adhesion of the lubricant to the surface of a mold can 
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be avoided especially when the base material is a resin as compared 
with a case where a large amount of a lubricant is merely blended 
because the lubricant is held in spaces in the porous silica by 
blending a porous silica impregnated with the lubricant. (4) The 
base material and the lubricant can be used in combination by 
impregnating the lubricant into spaces in the porous silica even 
when there is some problems with compatibility between the base 
material and the lubricant. 

[0022] Various porous silicas such as a precipitating silica (for 
example, primary particle diameter of 15 nm or more) which can be 
impregnated with and can hold a lubricant may be used as the above 
porous silica. Of those, a globular porous silica having 
interconnected pores is preferred, and a spherical porous silica 
is particularly preferred. The term "globular" means a ball having 
a ratio of the short diameter to the long diameter of 0.8 to 1.0, 
and the term "spherical" means a ball more spherical than globular. 
[0023] Since the globular porous silica is destroyed by shear 
force on the sliding surface when it is exposed to the sliding surface, 
even when the mating member is made of a soft material (including 
a soft metal) , the mating member is not damaged. When taking into 
consideration that the blending of a reinforcement material with 
a slide material composition prepared by blending those fillers 
with the base material, if the lubricant and the reinforcement 
material are blended alone and kneaded separately, the lubricant 



is localized at the interface between the reinforcement material 
and the base material (for example, a synthetic resin) , thereby 
making it impossible to sufficiently obtain a reinforcing effect 
by the reinforcement material. However, when a reinforcement 
material is kneaded with a lubricant and a porous silica, particularly 
with a globular porous silica impregnated with a lubricant, the 
amount of the lubricant localized at the interface between the 
reinforcement material and the base material can be greatly reduced, 
thereby obtaining a desired reinforcing effect. 

[0024] When the above globular porous silica is used, attention 
must be paid to its size. For example, when the average particle 
diameter of the globular porous silica is smaller than 0.5 \xm, the 
amount of the lubricant impregnated is insufficient, causing a 
problem with work efficiency. When the average particle diameter 
is larger than 100 pm, the dispersibility of the porous silica in 
the slide material composition in a molten state is low. An 
agglomerate of primary particles is destroyed by the shear force 
applied when the slide material composition in a molten state is 
kneaded, whereby the globular shape of the porous silica may not 
be maintained. From these points of view, the average particle 
diameter of the above globular porous silica, particularly spherical 
porous silica is preferably 0 . 5 to 100 jam. Especially when handling 
ease (work efficiency) and slide characteristics are taken into 
consideration, the average particle diameter is more preferably 



1 to 20 jam. Spherical silica particles having the above average 
particle diameter can hold the sufficient lubricant therein and 
can supply the lubricant held therein to the sliding surface little 
by little. The spherical porous silica having the above average 
particle diameter can be obtained, for example, by emulsifying an 
alkali silicate aqueous solution containing an alkali metal salt 
or alkali earth metal salt in an organic catalyst and gelatinizing 
the emulsified product with a carbonic acid gas . The primary particle 
diameter of the spherical porous silica obtained herein is 3 to 
8 nm. 

[0025] The above porous silica has a specific surface area of 
preferably 200 to 900 m 2 /g, more preferably 300 to 800 m 2 /g from 
the viewpoint of high oil absorptivity (high lubricant 
retainability) . It may have a pore area of 1 to 3.5 ml/g and a pore 
diameter of 5 to 30 nm, preferably 20 to 30 nm. Further, it has 
an oil absorptivity of preferably 150 to 400 ml/100 g, more preferably 
300 to 400 ml/100 g. In consideration of use under the normal 
atmosphere, it is preferable that even when the porous silica is 
dried again after it is immersed in water, its pore volume and oil 
absorptivity be maintained at 90% or more of the values before 
immersion. The specific surface area and the pore volume are values 
measured by a nitrogen adsorption method and the oil absorptivity 
is a value measured in accordance with JIS K5101. 
[0026] It is extremely preferable that the porous silica used 
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in the present invention be spherical and has the above average 
particle diameter, specific surface area, pore area, pore diameter, 
and oil absorptivity. However, a non-globular porous silica may- 
be used without a problem if its average particle diameter, specific 
surface area, oil absorptivity, and the like fall within the above 
ranges. Similarly, a porous silica having an average particle 
diameter of about 1,000 jam may be used without a problem depending 
on its compatibility with the base material and its blending ratio. 
Alternatively, a porous silica which is subjected to a surface 
treatment of organic or inorganic type may also be used even if 
it has a problem with its compatibility with the base material. 
Examples of the porous silica which can be used preferably include 
Sunsphere manufactured by AS AH I GLASS CO., LTD., Got Ball 
manufactured by SUZUKI YUSHI Industrial Co., LTD., and Sylosphere 
manufactured by FUJI SILYCIA CHEMICAL LTD. The Microidmanuf actured 
by Tokai Chemical Industry Co. , Ltd. may also be used as the porous 
silica . 

[0027] Various lubricants including lubricating oil may be used 
as described above. Out of those, silicone oil is particularly 
preferably used as it has heat resistance to the temperature of 
kneading and molding the slide material composition (particularly 
resin composition) , extremely excellent friction characteristics 
and compatibility with a silanol group (Si-OH) remaining on the 
surface or the inside of the above porous silica. According to this, 



as silicone oil is easily held in the inside of the above porous 
silica, higher oil retainability is obtained. As the silicone oil, 
either of silicone oil having no functional group and silicone oil 
having a functional group may be used. 

[0028] The porous silica is contained in the above slide layer 
in an amount of preferably 1 to 20 vol%, more preferably 2 to 15 
vol% in terms of the effect of holding the lubricant and strength. 
The content of the lubricant in the slide layer is preferably 5 
to 40 vol%. When the content of the lubricant is lower than 5 vol%, 
a lubricating effect exerted by means of the lubricant becomes 
unsatisfactory and when the content is higher than 40 vol%, the 
amount of the base material becomes small and strength may greatly 
lower. The weight of a substance blended can be calculated by 
multiplying the vol% of the substance with its density. The vol% 
of the porous silica is a value obtained on the supposition that 
a non-porous silica is blended. That is, it is calculated not from 
the bulk specific gravity of the porous silica but from the true 
specific gravity. Therefore, the actual vol% of the porous silica 
having pores therein is larger than the above value. 
[0029] A suitable filler may also be added to the base material 
to improve friction and wear characteristics and to reduce a linear 
expansion coefficient, in addition to the porous silica or lubricant . 
Examples of the filler to be added include fibers such as a glass 
fiber, carbon fiber, pitch-based carbon fiber, PAN-based carbon 



14 



fiber, aramid fiber, alumina fiber, polyester fiber, boron fiber, 
silicon carbide fiber, boron nitride fiber, silicon nitride fiber, 
metal fiber, asbestos, and coal wool, a fabric knitting thereof, 
minerals such as calcium carbonate, talc, silica, clay, and mica, 
inorganic whiskers such as a titanium oxide whisker, aluminum borate 
whisker, potassium titanate whisker, and calcium sulfate whisker, 
and various heat resistant resins such as carbon black, black lead, 
a polyimide resin, and polybenzoimidazol . Further, for the purpose 
of improving thermal conductivity of a sliding layer, a carbon fiber, 
metal fiber, black lead powder, zinc oxide, or the like may be added 
to the base material. In addition, carbonates such as lithium 
carbonate and calcium carbonate, or phosphates such as lithium 
phosphate and calcium phosphate may be blended. Note that plural 
fillers can be used in combination. 

[0030] Additives which can be widely used for synthetic resins 
may be used toghether as far as the effect of the present invention 
is not impaired. For example, industrial additives such as a release 
agent, flame retardant, antistatic agent, weatherability 
accelerator, antioxidant and colorant may be suitably added. As 
far as the lubricity of the slide layer is not impaired, an 
intermediate product or a final product may be modified to improve 
its properties by separately performing a chemical or physical 
treatment such as annealing. 

[0031] Conventionally known methods may be used to knead the above 



slide material composition, especially a resin composition. For 
example, a mixer such as a Henschel mixer, ball mill or tumbler 
mixer may be used to mix a resin composition and the composition 
is supplied into an injection molding machine or melt extruder (for 
example, a twin-screw extruder) having high melt mixing capability, 
or a heat roller, kneader, Banbury mixer, melt extruder or the like 
may be used to melt mix the resin composition in advance. 
Alternatively, vacuum molding, blow molding, foam molding, 
multi-layer molding and heat compression molding may be carried 
out. To knead the base material (here, resin) with a porous silica 
and a lubricant, the order of kneading them is not particularly 
limited. Preferably, after a porous silica and a lubricant are 
kneaded together to contain the lubricant in the porous silica, 
the resulting kneaded product is kneaded with the base material. 
Since the porous silica readily absorbs moisture or water, it is 
preferably dried before kneading. The drying means is not 
particularly limited and drying in an electric furnace or vacuum 
drying may be employed. 

[0032] When the above slide layer is formed in, for example, a 
film form, a porous silica impregnated with a lubricant is blended 
with a synthetic resin base material and then mixed with an ordinary 
coating solution. General-purpose coating means may be used for 
coating. For example, various means such as spraying, electrostatic 
coating, or flow immersion method may be employed. 



[0033] When the porous silica is pre-mixed with the lubricant, 
if the lubricant has high viscosity, the lubricant hardly infiltrates 
into the globular porous silica. In this case, the lubricant is 
diluted with a suitable solvent which can dissolve the lubricant, 
and the dilute solution is infiltrated into the porous silica and 
dried gradually to vaporize the solvent so as to impregnate the 
lubricant into the inside of the porous silica. Alternatively, when 
the lubricant is lubricating oil, the porous silica is immersed 
in the lubricating oil and pulled in vacuum to forcibly infiltrate 
the lubricating oil into the inside of the porous silica. When the 
lubricant is solid at normal temperature, it is heated at a suitable 
temperature to be molten and impregnated into the porous silica. 
Even when the lubricant is liquid at normal temperature, if its 
viscosity is high, it is heated at a suitable temperature to reduce 
its viscosity so as to be impregnated into the porous silica. Those 
methods can be effectively used. A liquid resin such as an 
unsaturated polyester resin is mixed with an oil -containing globular 
porous silica, the resultant mixture is impregnated into fabrics, 
and an assembly of those fabrics may be used as the slide layer. 
[0034] According to the present invention, there can be provided 
a slide bearing which has high dimensional accuracy and rotational 
accuracy, rarely attacks a shaft member made of a soft metal and 
is excellent in mechanical strength and durability. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
In the accompanying drawings: 

Fig. 1 is a sectional view of a cam follower according to an 
embodiment of the present invention; and 

Fig. 2 is a sectional view of a slide bearing according to 
an embodiment of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[0035] Hereinafter, preferred embodiments of the present 
invention will be described. 

[0036] Fig. 1 shows a cam follower according to an embodiment 
of the present invention. This cam follower includes a shaft member 
(stud) 1 which is cantilevered at one end (not shown) and a slide 
bearing 2 fitted onto the outer periphery of the other end portion 
of the shaft member 1. 

[0037] The shaft member 1 is made of a soft metal material such 
as a brass or an aluminum alloy and the other end portion thereof 
has a small-diameter outer peripheral surface la and a shoulder 
portion lb. 

[0038] As shown in Fig. 2, the slide bearing 2 is composed of 
a cylindrical matrix 2a made of an Fe-based sintered metal material 
having an Fe content of 90 wt% or more and a slide layer 2b formed 
from the inner peripheral surface 2al to the both end surfaces 2a2. 
The slide layer 2b is made of a slide material composition including 
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a base material such as polyethylene resin blended with a lubricant 
such as silicone oil and a globular porous silica impregnated with 
this lubricant. In this embodiment, the slide bearing 2 is formed 
by insert molding the above slide material composition (resin 
composition) on the above surface of the matrix 2a. The slide layer 
is not formed on the outer peripheral surface 2a3 of the matrix 
2a. The above lubricant may be impregnated into pores in the inside 
of the matrix 2a. 

[0039] As shown in Fig. 1, the slide bearing 2 is fitted onto 
the outer peripheral surface la of the shaft member 1, and its movement 
in the axial direction is restricted by the shoulder portion lb 
of the shaft member 1 and a thrust washer 3 and a slip-off preventing 
ring 4 fitted onto the outer peripheral surface la of the shaft 
member 1. The thrust washer 3 is made of, for example, a resinmaterial 
having excellent slide characteristics, and the slip-off preventing 
ring 4 is made of a soft metal material such as an aluminum alloy. 
[0040] The outer peripheral surface 2a3 of the matrix 2a of the 
slide bearing 2 comes into contact with the contact surface 5a of 
a mating member 5 such as a cam or guide rail and rolls or slides 
over the contact surface 5a. At this point, the slide bearing 2 
rotates around the shaft member 1 and this rotation is rotatably 
supported by the sliding of the slide layer 2b with respect to the 
shaft member 1. That is, an area of the slide layer 2b formed on 
the inner peripheral surface 2al of the matrix 2a comes into contact 



with the outer peripheral surface la of the shaft member 2 and 
functions as a radial bearing face 2bl for supporting a radial load. 
At the same time, areas of the slide layer 2b formed on both end 
faces 2a2 of the matrix 2a come into contact with the shoulder portion 
lb of the shaft member 1 and the thrust washer 3 and function as 
thrust bearing faces 2b2 and 2a3 for supporting a thrust load, 
respectively. 

[0041] The slide layer 2b of the slide bearing 2 may have only 
the radial bearing face 2bl or may have only one of the thrust bearing 
faces 2b2 and 2a3 in addition to the radial bearing face 2bl. That 
is, the slide layer 2b may be formed only on the inner peripheral 
surface 2al of the matrix 2a or from the inner peripheral surface 
2al to one of the end faces 2a2 of the matrix 2a. 
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[Table 2] 



Number 


friction 
coefficient 


"iudcrment on 
dimensional 
change 


dimensional change of 
specimen, ]im 


space, pm 


-10° C 


60° C 


-10° C 


60° C 


Example 


1 


0.08 


o 


0.3 


-0.3 


25. 5 


12 . 6 


2 


0.08 


o 


1.2 


-1.6 


26.5 


11.3 


3 


0.08 


o 


2.3 


-3.1 


27 . 6 


10.5 


4 


0.08 


o 


2.9 


-3.9 


28.2 


10.2 


5 


0.08 


o 


4 . 0 


-5.3 


29.3 


9.7 


6 


0.08 


o 


0 . 3 


-0 . 3 


25.5 


12 . 6 


7 


0.08 


o 


0 . 3 


-0 . 3 


25.5 


12 . 6 


8 


0.08 


o 


0.3 


-0.3 


25.5 


12. 6 


9 


0.08 


o 


0.3 i 


-0.3 


25. 5 


12. 6 


Comparative 
Example 


1 


0.70 


o 


-3.1 


3.9 


13. 1 


11.8 


2 


0.08 


X 


14.8 


-19.7 


35. 0 


-11.7 


3 


0.08 


X 


6.2 


-8.3 


31.4 


4.7 


4 














5 














6 














7 


0.18 


o 


0.5 


-0.2 


25. 8 


12 . 5 


8 


0.32 


o 


0.0 


-0.1 


25. 3 


12.9 



[0044] 

(Example 1) 

A bearing matrix made of a <J)8 . 5 mm x (|>14 mm x 5 mm sintered 
metal (Fe: 98.5 wt%-Cu: 1.5 wt%, average size of pores: 125 jam, 
average depth: 20 ]im, proportion of depressions: 30% f linear 
expansion coefficient: 1.1 x 10' 5 /°C) was prepared. This bearing 
matrix was placed in a mold for injection molding, and the following 
resin composition (slide material composition) was used to form 
a resin layer (slide layer) on the inner peripheral surface of the 



bearing matrix by the following method so as to manufacture a <j>8 
mmx(|>14 mmx 5 mm composite slide bearing (linear expansion coefficient 
of resin composition: 1.3 x 10~V°C, thickness of resin layer: 250 
\im) . Tests were conducted by using the obtained composite slide 
bearing under the following conditions. The test results are shown 
in Table 1. 
[0045] 

<Resin material> 

The Lubmer L5000 (polyethylene resin) manufactured by Mitsui 
Chemicals, Inc. was usedas a basematerial . The KF96H-6000 (silicone 
oil) manufactured by Shin-Etsu Chemical Co., Ltd. was used as a 
lubricant, and the Sunsphere H33 manufactured by AS AH I GLASS CO., 
LTD. was used as a porous silica . 31.6 wt% of a mixture of the porous 
silica and the silicone oil in a weight ratio of 1:2.76 and 68.4 
wt% of the polyethylene resin were melt-kneaded together by a 
twin-screw extruder to prepare a pellet. 
[0046] 

<Insert molding conditions> 

The bearing matrix having a predetermined shape was fixed in 
the mold, and the above oil-containing pellet was used to carry 
out insert molding. At that time, the mold temperature was 100°C, 
the molding temperature was 210 °C, and the injection pressure was 
140 MPa. 
[0047] 
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<Test conditions> 
[Friction/wear test] 

The A5056 (aluminum alloy, Ra = 0 - 8 \im) shaft member having 
a diameter of <j>7 . 98 mm was used as a mating member . The face pressure 
during the test was 1 MPa (calculated in terms of projection area) , 
the peripheral speed was 3 m/min, the testing temperature was 30°C / 
and the testing time was 120 hours. The measurement items were the 
amount of specific wear of the test bearing, the existence of the 
wear of the shaft and the dynamic friction coefficient at the end 
of the test - The space between the shaft member and the slide bearing 
was set to 20 jam (measured at 20°C) . 
[0048] 

[Measurement of dimensional change in inner diameter] 

In order to check the influence upon expansion of heat, the 
outer diameter of the slide bearing was restricted by a sintered 
metal so that only the inner diameter of the slide bearing could 
change, and the temperature was changed from -10°C'to 60 °C to measure 
how much the inner diameter changed (changes in size at -10 °C ad 
60°C were obtained based on the standard size at 20°C) . Changes 
in the inner diameter of the specimen at each temperature and changes 
in the size of the shaft member were measured, and the slide bearing 
was judged as o when the space was 0 to 30 jam and as x when the space 
was less than 0 (adhesion to the shaft occurred) or 30 \im or more. 
[0049] 
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[Measurement of space] 

The space between the resin layer and the A5056 shaft member 
inserted was measured at -10°C and 60°C. The initial space was set 
to 15 vim. A change in the size of the shaft member was -5.2 pm (at 
-10°C) and 7 jam (at 60°C) (linear expansion coefficient of the shaft 
material was 2.2 x 10~ 5 /°C) . 
[0050] 
(Example 2) 

A <(>8 mm x <j>l 4 mm x t5 mm composite slide bearing was manufactured 
in the same manner as in Example 1 except that the thickness of 
the resin layer was changed to 500 pm. Tests were conducted by using 
the obtained composite slide bearing under the above conditions. 
The test results are shown in Table 1. 

[0051] 

(Example 3) 

A <|>8 mm x (|>14 mm x t5 mm composite slide bearing was manufactured 
in the same manner as in Example 1 except that the thickness of 
the resin layer was changed to 770 pm. Tests were conducted by using 
the obtained composite slide bearing under the above conditions. 
The test results are shown in Table 1. 

[0052] 

(Example 4) 

A (j)8 mm x <t>l 4 mm x t5 mm composite slide bearing was manufactured 
in the same manner as in Example 1 except that the thickness of 



the resin layer was changed to 900 pm. Tests were conducted by using 
the obtained composite slide bearing under the above conditions. 
The test results are shown in Table 1. 
[0053] 
(Example 5) 

A (|>8 mm x <|>1 4 mm x t5 mm composite slide bearing was manufactured 
in the same manner as in Example 1 except that the thickness of 
the resin layer was changed to 1,150 pm. Tests were conducted by 
using the obtained composite slide bearing under the above conditions . 
The test results are shown in Table 1. 
[0054] 
(Example 6) 

A (|>8 . 5 mm x 4>1 4 mm x t5 mm composite slide bearing (thickness 
of resin layer: 250 pm) was manufactured in the same manner as in 
Example 1 except that a bearing matrix made of a (|8.5 ram x <J>1 4 mm 
x t5 mm sintered metal (Fe: 98.5 wt%-Cu: 1.5 wt%, average size of 
pores: 250 pm, average depth: 50 pm, proportion of depressions: 
50%, linear expansion coefficient: 1.1 x 10" 5 /°C) was used. Tests 
were conducted by using the obtained composite slide bearing under 
the above conditions. The test results are shown in Table 1. 
[0055] 
(Example 7) 

The bearing matrix of the composite slide bearing manufactured 
in Example 1 was impregnated with silicone oil (KF96H manufactured 



by Shin-Etsu Chemical Co., Ltd.). Tests were conducted by using 
this under the above conditions . The test results are shown in Table 
1. 

[0056] 

(Example 8) 

Annular depressions (width x length x depth = 1 mm x 5 mm x 
150 Jim, sectional form: semicircular, installation sites : 3 locations 
equally spaced apart from one another in the axial direction) were 
formed in the resin layer which constitutes the inner peripheral 
surface of the composite slide bearing manufactured in Example 1. 
The proportion of the apparent area occupied by each depression 
to the total area of the inner wall was { (1 mm x 5 mm)/ (8 mm x 5 
mm x 7i) } x 100 = 3. 97%. Tests were conducted by using this under 
the above conditions. The test results are shown in Table 1. 

[0057] 

(Example 9) 

The bearing matrix of the composite slide bearing manufactured 
in Example 8 was impregnated with silicone oil (KF96H manufactured 
by Shin-Etsu Chemical Co., Ltd.). Tests were conducted by using 
this under the above conditions. The test results are shown in Table 
1. 

[0058] 

(Comparative Example 1) 

A bearing matrix made of a (j)8 mm x <J>14 mm x t5 mm sintered 



metal (Fe: 98.5 wt%-Cu: 1.5 wt%, average size of pores: 250 jim, 
average depth: 50 jam, proportion of depressions: 30%, linear 
expansion coefficient: 1.1 x 10~ 5 /°C / Cu-Sn-based) was used as a 
slide bearing. This sintered metal bearing was immersed in ester 
oil (H481R manufactured by NOF Corporation) to carry out vacuum 
impregnation so as to impregnate the oil into pores. Various tests 
were conducted by using this test bearing under the same conditions 
as in Example 1. The test results are shown in Table 1. 
[0059] 

(Comparative Example 2) 

A <|>8 mm x 4>1 4 mm x t5 mm slide bearing was manufactured from 
the resin composition alone used in Example 1 and a friction/wear 
test and various evaluation tests were carried out under the same 
conditions as in Example 1. The test results are shown in Table 
1. 

[0060] 

(Comparative Example 3) 

A bearing matrix made of a $11.2 mm x $14 mm x t5 mm sintered 
metal (Fe: 98.5 wt%-Cu: 1.5 wt%, average size of pores: 250 jam, 
average depth: 50 jam, proportion of depressions: 30% f linear 
expansion coefficient: 1 . \ r x 10" 5 /°C) was prepared. This bearing 
matrix was placed in a mold for injection molding, and the resin 
composition of Example 1 was insert-molded on the inner peripheral 
surface of the above bearing matrix to manufacture a ())8 mm x $14 
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mm x t5 mm composite slide bearing (thickness of resin layer: 1, 600 
\im) . Various tests were conducted under the same conditions as in 
Example 1. The test results are shown in Table 1. 
[0061] 

(Comparative Example 4) 

A <|>8 mm x <|)14 mm x t5 mm composite slide bearing (thickness 
of resin layer: 500 jam) was manufactured in the same manner as in 
Example 3 except that a bearing matrix made of (|)9 mm x cj>14 mm x t5 
mm SUS304 (surface roughness Ra = 0.01 pm) was used. Since peeling 
occurred between the bearing matrix and the resin layer of the obtained 
composite slide bearing, the tests could not be conducted. 
[0062] 

(Comparative Example 5) 

A <|>8 mm x <|>14 mm x t5 mm composite slide bearing (thickness 
of resin layer: 250 jam) was manufactured in the same manner as in 
Example 1 except that a bearing matrix made of a <|>8 . 5 mm x <|)14 mm 
x t5 mm sintered metal (Fe: 98.5 wt%-Cu: 1.5 wt%, average size of 
pores: 250 pm, average depth: 100 pm, proportion of depressions: 
10%, linear expansion coefficient: 1.1 x 10" 5 /°C) was used. Since 
peeling occurred between the bearing matrix and the resin layer 
of the obtained composite slide bearing, the tests could not be 
conducted . 

[0063] 

(Comparative Example 6) 
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A <|>8 mm x §14 mm x t5 mm composite slide bearing (thickness 
of resin layer: 250 jam) was manufactured in the same manner as in 
Example 1 except that a bearing matrix made of a <j>8 . 5 mm x §14 mm 
x t5 mm sintered metal (Fe: 98.5 wt%-Cu: 1.5 wt%, average size of 
pores: 3 \xm, average depth: 1 jam, proportion of depressions: 30%, 
linear expansion coefficient : I.lxl0~ 5 /°C) was used. Since peeling 
occurred between the sintered metal layer and the resin layer of 
the obtained composite slide bearing, the tests could not be 
conducted. 
[0064] 

(Comparative Example 7) 

A <j>8 mm x §14 mm x t5 mm composite slide bearing (thickness 
of resin layer: 250 \im) was manufactured in the same manner as in 
Example 1 except that the resin layer was made of a polyethylene 
resin alone (Lubmer L5000 manufactured by Mitsui Chemicals, Inc. ) . 
Tests were conducted by using the obtained composite slide bearing 
under the above conditions. The test results are shown in Table 
1. » 
[0065] 

(Comparative Example 8) 

A <j>8 mm x §14 mm x t5 mm composite slide bearing (thickness 
of resin layer: 250 pm) was manufactured in the same manner as in 
Example 1 except that the resin layer was made of a polyacetal resin 
alone ( DURACON M90-02 manufactured by Polyplastics Co . , Ltd., linear 
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coefficient: 1.0 x 10~V°C). Tests were conducted by using the 

obtained composite slide bearing under the above conditions. The 

test results are shown in Table 1. 

[0066] 

(Results) 

When the Fe-based sintered metal having a suitable pore size, 
depth and proportion of depressions and the resin layer including 
silicone oil, a porous silica and polyethylene were used as shown 
in Examples 1 to 9, peeling caused by insufficient adhesion did 
not occur between the sintered metal and the resin layer . The amount 
of specific wear was 100 x 10" 8 mm 3 /(N-m) or less, which is small, 
the mating member (shaft member) was not worn down, and the dynamic 
friction coefficient was 0.2 or less. The dimensional stability 
was excellent with a small dimensional change by heat expansion. 
[0067] In contrast to this, when the slide bearing was composed 
of a sintered metal layer alone like Comparative Example 1, the 
shaft member was worn down, and the friction coefficient was high 
at 0 . 7 though a dimensional change was small . When the slide bearing 
was composed of a resin material alone like Comparative Example 
2, the amount of specific wear was small, the shaft member was not 
worn down, and the friction coefficient was small but a dimensional 
change by heat expansion was large. Therefore, the slide bearing 
is not suitable for use in portions which require high accuracy. 
When the bearing was composed of a resin layer and a sintered metal 



layer like in Comparative Example 3, the amount of specific wear 
was small, the shaft member was not worn down, and the friction 
coefficient was small, but the shape of the bearing is restricted 
by the metal layer, so due to the large thickness of the resin layer, 
the volume expansion escaped to the inner diameter side at a high 
temperature, thereby reducing the inner diameter. As a result, the 
space between the shaft member and the bearing greatly decreased 
from the initial value and the adhesion of the bearing to the shaft 
member occurred disadvantageously . When the slide bearing was 
composed of SUS304 and the resin layer like in Comparative Example 
4, peeling occurred at the interface by molding shrinkage because 
SU304 had a smooth surface and poor adhesion to the resin layer. 
When the surface of the metal layer is not rough, it is difficult 
to obtain a metal-resin composite material. When a sintered metal 
having a small depression proportion of 3% was used like in Comparative 
Example 5, peeling occurred at the interface by molding shrinkage 
because the sintered metal had poor adhesion to the resin layer 
as in Comparative Example 4 in which SUS304 was used. When pores 
were as small as 3 jam like in Comparative Example 6, the molten 
resin could not enter the pores, thereby reducing adhesion with 
the result that peeling occurred at the interface by molding shrinkage . 
When the resin layer was made of polyethylene resin alone like in 
Comparative Example 7, the friction coefficient was relatively small 
but the amount of wear was large. When the resin layer was made 
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of polyacetal resin alone like in Comparative Example 8 , the friction 
coefficient and the amount of. specific wear were large and the worn 
surface of the mating member (shaft member) was observed. 



INDUSTRIAL APPLICABILITY 
[0068] The slide bearing of the present invention is suitable 
for use in cam followers, and more particularly , for use in cam 
followers for office equipment which require rotational accuracy. 
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